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1. General objectives of the problem,

The general objective has becn & comparison of the effects of
mutagenic agents, primarily x-rays, on the heritable component of the
pollen grain with the effect on its functional capacity.

2a, General summary of worlk on the project.

It has bcen possible to demonstirate conclusively that x-rays, at
dcses up to 3,000 r, preduce much more drastic effects on the heritable
components of pollen grains than on the functional capacities. Pollen grains
germinated in vitro, at doses from O r to 8,000 r, showed no differences
in growth rates. Application to stigmas of pollen treated with L,000 r
gave close to 100% aborted seeds. Investigations with controlled pollinations,
such as a limited pollination with treated pollen followed by a massive
pollination with normal pollen, shiovied that the seed ahertion was due to the
induction of deleterious hereditary changes introduced by sperm from the
treated pollen. A comprehensive study of the embryogeny of the dominant
lethal ovules showed that the typical features of the dominant lethality
cannot Ly fully explained by mechanical disturbance of mitosis nor x-rays
may have a direct toxic effect on the untrecated chromosomes. Further work,
vith Lilium formosanum was interrvpted by serious disease problems and
crmmercial types of L. longiflorum werec introduced inte the greenhouse for
research material. T. Tongifiorm proved unsatisfactery for saveral reasuns:
it is self-sterile; many of the morc vigorous commercial clones had shromosome
aberrations leading to a high proportion of pollen and ovule a-oi tiva wilhcut
further treatment; and finally, the capsules would not mature unless a fairly
high percentage cf ovules were developing into viable sceds. Experiments
which were made with this material have given uneven results, not suitatle
for publication, but have provided preliminary information on the "dosage-
gffect" curves Zor dominant lethality and for the functinonal aspects of the
pollen grain which have materially heiped in plannin~ repeat exneriments.
These repeat experiments are currently in progress with iilnes of L. formesanum
which have shovm vigorcus growth and resistance, bui not immunity tc discasc.
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2b. Summary of work during zurcont report period.

1) Studies of direct nompaiitien bstween treated and untreated
pollen grains. Stabtistical analyses ci capsoles following half-and=half
pollinations have shown that there is net only no deleterious effect of x-
rays on the germination of grains and growth of tubes feileouiing doses of
11,000 and 8,000 r but that the ',60C r dos2 probably has, in perd, o stimulat-
ing effect on the development of the majority of' the grains. ‘TIne proliminary

werk, with L. longiflorum, has shewn that grains treated with 60,000 r sy,
and these with 100,000 r do suffer z coiplete handicap in competiticn with
normal grains even though many &ares still capable of germ:unation and Siviil
in vitro.

2) Investigations of methods for accurately and efficiently
estinating pollén grain number. A series of tests were made of a method of
pvacking pollen grains 1nio a small plastic cup and then using this clumped
mass of grains for pellinations. Some excellent seed setls were obtained by
this method, indicating mechanical injury wiil not be an important facter,
but the L. longiflorum material used precluded an accuvrate estimate of the
percentage ol functicnal zrains.,

3) Cytological examination of pollen tube mitoses and early emhryogeny
following different doses of x-rays. sork with the pollen tube mitoses is
still in progress, and no reliable information is yet available cn sharacter-
istic differences, 1f any, tc he found after treatments with different doses.
In the embryolegical studies, Dr. Cave has made several significant observa-
ticons on development in ovales after pellen treatments. The rate of de-
velopment in the embryo ard endosperm are independent and either may occur
at a slower or faster rate than normal. Tt is of special interest to note
that tne changes induced ™y the x-rays may ;i-e zreater than normal rates of
development during the short period prior to the abortion of the tissue.

L) Effects of cclchicine treatment of pcllen on pollen grain mitoses
and embryogeny. After pollen treatments of 0.1% and 17 agqueous colchicine
For I8 minutes, pollen tube growth and seed set are accomplished readily
fcllowing the lower dose only. Ixaminations of pollen tube mitoses have
shown that some miteses are sufficiently deranged to give either a single,
diploid sperm nucleus or two sperm nuclei one of which may lack one or two
chromosomes. Embryological studies are now in progress to obtain information
on embryo and endosperm development following colchicine pollinations in order
to provide material of known types of changes for compariscon with the x-ray
material,

5) "Killing curves" for the heritable aspects. Rather limited
¢data, obtained from early work with L. formocanum showed evidence for an S-
shaped killing curve, as judged from the percentage c¢f dominant lethals, for
deses up tc and including ;000 r. Much more extensive work with L. longiflorum
however, indicated a straight-line relationship for the productionll oI HoMIRERT
lethals at doses up to L,000 r. Tt is hoped that work nov in progress with
L. formosanim will afford sufficicnt reliable data to define the killing
carve for this species, If the curve for L. formosanum actually proves to

be different, from that for'é. longiflorum the resulis will be of considarable
significance, -
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L. Other information,

a., Change in dircction or emphasis. None.

b. Personnel changes. Dr., ilarion Cave, previonsly on a Guggenheim
Fellowship, returned to the project for several months! work
prior to termination, Mr, Danicl Zohary was cmployed from July
1, 1953, as a lescarch Assistant con the project.

c. Number of graduate students on contract. Two. ’r. Donald E. Stone
on an hourly basls and Mr. Daniel Zohary as a Research Assistant.

d. Support from other sources. The Department of Genetics has
continued to supply Spacc and materials for growing plants, care
of the plants in the greenhcuse, and specific technical assistance
from lir. Ernest Jund, the Dopartmental Technician.

e. Difficulties encountercd. The problem ~f disecase (bulb-rot)
described in the previous annual progress report continues to be
important. It is hoped, however, that a selection for vigor in
L. formosanum will provide suitable resistant, if not immune, plants,
for rescarch material.

5. Future plans.

The two collaverators en this project wish to express their sincere
appreciation for the material help provided by thue contract funds during the
contract period. ‘work currently being undcrtaken which has net progresscd
sufficiently far for publicaticn +ill be continucd 2n the basis of a regular
departmental research project. Cn publication, acknowl:zdgement will be made
to the ONR for its suppert, and reprints of swuch papcrs vwill be provided as
per schedule.
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